Abstract. A retrospective study was conducted to determine case histories, microbiological characteristics, and molecular subtypes associated with Listeria monocytogenes infections of the eye in large animals. For selected cases, environmental L. monocytogenes contamination patterns on case farms were also evaluated to probe for potential sources and spread of listerial eye infections. Records of 170 L. monocytogenes isolates from animal infections were reviewed to determine the fraction of isolates associated with eye infections (conjunctivitis, keratitis, and uveitis) of animals and to gather information on the clinical history of these cases. Overall, 4 of 170 Listeria monocytogenes isolates were associated with eye infections; 3 of these had occurred in cows and 1 in a horse. Molecular subtyping (by EcoRI ribotying) showed that 4 different L. monocytogenes subtypes were isolated from these 4 cases; the same ribotypes had previously been found among invasive animal listeriosis infections. Although a variety of L. monocytogenes subtypes were isolated from environmental sources, on 1 farm, the same ribotype associated with the eye infection was also isolated from a fecal sample of a healthy animal and from a soil sample. The data reported in this study further suggest that L. monocytogenes can be a cause of eye infections in several animal species. Listerial eye infections do not seem to require specific pathogen-related virulence characteristics but rather seem to be a function of environmental or host factors, such as direct exposure of the eyes of susceptible animals to high numbers of the pathogen. Although listerial eye infections are rarely diagnosed because of its ubiquitous nature, L. monocytogenes may have to be considered more commonly as a causative agent of eye infections in ruminants and horses.
Listeria monocytogenes is a ubiquitous gram-positive bacterial pathogen that causes disease in humans and a variety of animal species. 6 listeriosis can present with signs of septicemia, encephalitis, and uterine infections, often resulting in abortion. 6, 10, 21 In addition to these more common manifestations of listerial infection, eye infections caused by L. monocytogenes have been documented in sheep, cattle, fallow deer, and humans. 1, 5, 14, 16 Most ocular infections have common clinical signs, including swollen, hyperemic conjunctivae, epiphora, photophobia, clouding of the cornea, and scattered white corneal foci. 1, 5, 7, 13, 14, 16 Listeria monocytogenes infections of farm animals are often linked to exposure to Listeriacontaminated silage. Growth and multiplication of L. monocytogenes naturally present on ensiled plant material are enhanced in poorly fermented silage with a high pH. 21 Some poorly fermented silages linked to listeriosis cases in ruminants have shown Listeria counts as high as 10 8 colony-forming units (cfu)/g wet weight of silage. 20 Although silage has been well established as a common source of systemic listeriosis infections in farm ruminants, it has also been hypothesized that Listeria-contaminated silage may be a source of listerial eye infections. For example, some reports noted that silage on farms with cases of listerial ocular infections was fed at or above the height of the animal's head, possibly leading to direct exposure of eyes to contaminated feed. In addition, it has been noted that most ruminant cases of listerial ocular infections appear to occur in the winter and early-spring months, when the animals are housed inside and fed silage. 7, 14, 16 Although single cases of listerial eye infections have been described previously, 1, 7, 14, 16 this report represents a more comprehensive review of Listeria infections in animals reported in New York State to probe case histories and microbiological and molecular characteristics associated with L. monocytogenes infections of the eye.
Microbiological records of 170 L. monocytogenes isolates from clinical animal specimens submitted to the New York State Animal Health Diagnostic Laboratory (Cornell University, Ithaca, NY) between 1985 and 2001 were reviewed to identify isolates that were associated with eye infections (conjunctivitis, keratitis, and uveitis) of animals. For uveitis or keratoconjunctivitis cases, conjunctival swabs were submitted for microbiological testing. Only cases that had an L. monocytogenes-positive culture from a conjunctival swab obtained from an animal with clinical signs of an eye infection were included in this report. Case reports for listerial eye infections were reviewed to obtain information on the clinical history of these cases. Listeria monocytogenes isolates from eye infections were reconstituted from lyophilized stocks and transferred to the Cornell Food Safety Laboratory for molecular identification and characterization.
Standard diagnostic procedures were used to test conjunctival swabs for L. monocytogenes. In brief, swabs were used to streak 4 aerobic plates: trypticase soy agar with 5% sheep blood, chocolate (heated blood) agar, Levine eosin-methylene blue agar, and Columbia CNA. a These plates were incubated at 37 C for 18 to 24 hours, after which any bacterial growth was identified with standard approaches. Plates were then reincubated for 1 to 2 days to allow growth of more fastidious colonies. Ocular swabs were also en-riched in brain heart infusion broth a or trypticase soy broth a at 37 C and then subcultured if they appeared cloudy, indicating bacterial growth.
Environmental (including soil, water, and plant samples), fecal, and feed samples were collected on selected farms. Sample aliquots of 25 g were homogenized with 225 ml of Listeria enrichment broth b and incubated at 30 C for 48 hours. Aliquots of the enrichments were substreaked on Oxford media b after 24 and 48 hours of enrichment. After 48 hours of incubation, 4 Listeria-like colonies were selected and screened with an L. monocytogenes-specific hly polymerase chain reaction (PCR) assay to identify L. monocytogenes isolates. 2 Two molecular techniques were used to characterize and subtype Listeria isolates. Allelic polymorphisms in the L. monocytogenes virulence gene hly were determined using a PCR-restriction fragment length polymorphism (RFLP) approach as described previously. 19 The listeriolysin protein is encoded by hly. Listeriolysin plays a key role in the intracellular pathogenesis of L. monocytogenes infections by aiding in the escape of the bacterium from the host vacuole, thus allowing subsequent intracellular replication. 11 In addition, all isolates were characterized to molecular subtype by automated ribotyping using the RiboPrinter Microbial Characterization System c as also described previously. 3 In brief, this process involves EcoRI digestion of chromosomal DNA followed by Southern hybridization with an Escherichia coli rrnB ribosomal RNA operon probe. Images are acquired with a charge-coupled device camera and processed using custom software that normalizes fragment pattern data for band intensity and relative band position compared with the molecular weight marker. 19 EcoRI ribotyping can differentiate more than 100 ribotype patterns among L. monocytogenes isolates, thus allowing for sensitive subtype classification.
Among a total of 170 listeriosis cases, 1 horse and 3 cows had ocular infections from which L. monocytogenes was isolated. Molecular characterization of these 4 clinical isolates by PCR-RFLP analysis and ribotyping revealed 4 different molecular subtypes (Table 1) . Subtype 116-239-S-2 represents a ribotype pattern that was not represented in the RiboPrinter database as of May 2003. All 4 ribotypes (DUP-1044A, DUP-1044B, DUP-1039C, and 116-239-S-2) have also been found among nonocular cases of animal listeriosis (Wiedmann, unpublished data).
Case 1 occurred on a 48-cow herd in upstate New York during the month of May. The cows were kept in a tie stall barn and were fed silage but were let out on pasture daily after the morning milking. The case report indicated that the animal from which the isolate was obtained developed keratitis in the left eye. Ker- atitis signs included punctate abscesses, peripheral clouding, and epiphora. Another cow in the herd had developed neurologic listeriosis (circling) in March of the same year and recovered after systemic penicillin administration. The case report also noted that poorquality silage was being fed. A conjunctival swab was taken, and the animal recovered after administration of topical antibiotic ointment. Environmental samples were collected approximately 1 month later, after all the silage from the bunker being fed at the time of the case diagnosis had been finished. Some residual, dry silage from this bunker was collected for Listeria testing, along with samples of the rations being fed at the time of sampling. In addition, random fecal, water, soil, and plant samples were collected. Listeria monocytogenes was isolated from 13 of 40 samples taken, and these isolates were characterized using ribotyping ( Table 2 ). One fecal isolate and 1 soil isolate were of the same ribotype (DUP-1039C) as the clinical isolate.
Case 2 occurred in August in a 55-cow herd in upstate New York. The cows were kept in a tie stall barn while being milked and were on pasture during the day. Ten of the 55 milking cows developed conjunctivitis in the same week. Most had thick white ocular discharge, a clear cornea, and no pain. The cow sampled had a painful eye with multifocal peripheral keratitis. Signs did not resolve until after the cow was treated with atropine and Terramycin (oxytetracycline/ polymyxin B sulfate d ) ophthalmic ointments. Feed, soil, water, and fecal samples were taken approximately 1 year after the clinical isolate was obtained. Listeria monocytogenes was isolated from 6 of 40 environmental samples taken. No environmental samples were found to have the same ribotype as the clinical isolate in this case.
Case 3 occurred in a 60-cow farm in upstate New York in April. Cows were housed year-round in a free stall barn. Severe keratitis and iritis ( Fig. 1) were reported for the 1 affected animal from which L. monocytogenes was isolated. A conjunctival swab was taken and cultured positive for L. monocytogenes. At the same time of this case report, another cow in the herd was under treatment for neurologic listeriosis (propulsive circling and head pressing). This cow recovered with subcutaneous administration of procaine penicillin G, and was not sampled for this study. Only 1 of several silage samples collected from this farm was positive for L. monocytogenes; no fecal, water, or soil samples were collected. The silage isolate obtained did not match the ribotype of the clinical isolate ( Table 2 ). Listeria monocytogenes has long been recognized as a cause of systemic infections in many species of animals, including farm ruminants, and humans. Although only few records of naturally occurring ocular infections by L. monocytogenes exist, 1, 5, 7, 13, 14, 16 the ability of L. monocytogenes to cause conjunctivitis and keratitis has been well established in experimental animals. 4, 8, 9, 12 In fact, the development of conjunctivitis and corneal infection in rabbits was once used as a method of confirming the identification of an infectious culture as L. monocytogenes. 4 Through a review of 170 listeriosis cases confirmed by microbiological testing of specimens submitted to the New York State Animal Health Diagnostic Laboratory, 4 cases of ocular infections likely caused by L. monocytogenes were identified; 3 cases occurred in cattle and 1 in a horse. Although isolation of L. monocytogenes from a conjunctival swab of an animal with ocular infections does not prove that L. monocytogenes is the causative agent of a given infection, the lack of isolation of other pathogens commonly associated with eye infections in these host species (e.g., Moraxella bovis) and the experimentally proven ability of L. monocytogenes to cause eye infections 4, 8, 9, 12 make a compelling argument for a causal connection between the presence of L. monocytogenes and the ocular symptoms observed in the cases reported in this study. Interestingly, the molecular subtypes responsible for the 4 ocular listeriosis infections described in this study represented subtypes that have also been found in cases of systemic animal infections. These data provide preliminary evidence that ocular Listeria infections are not caused by specific strains with an ocular tissue tropism. Rather, listerial eye infections appear to be caused by common L. monocytogenes strains and appear to occur as a consequence of environmental or host factors that facilitate infection and clinical disease, such as direct exposure of the eyes of susceptible animals to high numbers of the pathogen, for example, in silage.
Testing of environmental, water, and feed samples and subtyping of isolates were performed in some of the more recent ocular listeriosis cases described in this study in an attempt to further determine possible sources of the L. monocytogenes subtype responsible for the observed infections. Molecular subtyping has previously been shown to allow specific determination of the sources of listeriosis outbreaks 18, 20 . Although only silage samples were collected for case 3, more extensive sampling of feed, water, soil, and fecal samples was performed in cases 1 and 2. Listeria monocytogenes was isolated from environmental, feed, or fecal samples from all 3 cases ( Table 2 ). As already observed in previous case studies of invasive listeriosis, results of this study confirmed that multiple L. monocytogenes subtypes can often easily be found in farm environments and that multiple subtypes appear to be present in case farms, including subtypes not found in clinical infections. 18, 20 Because multiple subtypes can often be found on farms, molecular subtyping is generally necessary to determine specific sources of infections. 18 Listeria monocytogenes was isolated from some silage samples in all 3 bovine cases, but none of the subtypes isolated matched the respective clinical isolates. Although molecular-subtyping data were thus unable to define specific infection sources in this study, silage could not be excluded as a potential source. Sampling of silage was likely performed considerably after infection (because of time required for isolation and confirmation of L. monocytogenes from clinical samples), at which point silage contaminated with the causative subtype may have no longer been available for testing. Interestingly, 2 of the cases reported in this study (cases 1 and 3) occurred in late spring, after the animals had been on a diet that consisted largely of silage for several months. Similarly, other authors also reported that ocular listeriosis cases may be more likely to occur in silage-fed animals during winter and spring months. 5, 7, [13] [14] [15] [16] It has specifically been suggested that when contaminated silage is fed to cows, especially at or above head height, silage material can fall into the eyes of animals and thus cause an eye infection. Another causative condition could be a lack of tear production leading to corneal ulceration and therefore exposure keratitis, although this has not yet been explicitly described in any case reports. Further studies will be needed to specifically determine the predisposing causes of ocular Listeria infections.
Although data of this study support a role for L. monocytogenes as a cause of ocular infections, the overall importance of L. monocytogenes eye infections is not clear. Testing for L. monocytogenes in conjunctival swabs is likely only rarely performed because many practitioners and diagnostic laboratories may not be aware of the ability of L. monocytogenes to cause ocular infections. The second author identified the 3 bovine cases in this report after learning about the condition in England. It is important that L. monocytogenes be considered as a differential diagnosis in cases of ocular infections and that appropriate diagnostic tests be performed, particularly in cases from high-risk herds, such as those that are fed silage and those with Listeria suspect cases in the past. Typical signs associated with listerial eye infections include swollen, hyperemic conjunctivae, epiphora, photophobia, corneal clouding, and scattered white corneal foci. The other main differentials for infectious ocular disease include Moraxella bovis in cattle and Mycoplasma conjunctivae and Moraxella (formerly Branhamella or Neisseria) ovis in sheep and goats. 5, 17 Treatment protocols that have proven effective for listerial eye infections often include concomitant use of parenteral and topical antibiotics. Treatment protocols were available for cases 1, 2, and 4 among those presented in this study, where signs resolved after topical administration of antibiotics with or without atropine. Some reports of successful topical corticosteroids and atropine used either together or alone exist. Other reports cited resolution of signs without any treatment. 1, 7, [14] [15] [16] Topical corticosteroids may help prevent corneal clouding and white foci because these signs are due to accumulation of leukocytes as an inflammatory and immune response to infection. 
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Abstract. This report describes a rapid and simple method for mutation screening of G M1 gangliosidosis in Shiba dogs by direct amplification of DNA from canine whole-blood specimens using a novel polymerase chain reaction (PCR) reagent cocktail, which can eliminate the DNA extraction process and amplify the genomic DNA directly from human or murine whole blood. The strategy of this mutation screening is based on the identification of a nucleotide deletion by restriction enzyme analysis, coupled with the direct PCR amplification. The target sequence of the canine ␤-galactosidase gene could be amplified directly from various forms of canine whole-blood specimens, including anticoagulated blood, blood stored frozen for 1 year, dried blood held in filter paper for 1 year at room temperature, and dry powder of blood stripped from Giemsa-stained blood films, which had been prepared 10 years earlier, resulting in the determination of genotypes in all the specimens. This method simplified the molecular diagnosis and carrier screening of G M1 gangliosidosis in Shiba dogs, making it simple to examine specimens from the large, widely distributed population of these dogs. G M1 gangliosidosis, a lysosomal disease that affects the brain and multiple systemic organs, is due to an autosomal recessively inherited deficiency of acid ␤galactosidase activity. 8 G M1 gangliosidosis in Shiba dogs was identified originally in 2000. 13 Since then, a closed breeding colony has been maintained at the Graduate School of Veterinary Medicine, Hokkaido University, Sapporo, Japan. 12 A homozygous recessive mutation causing G M1 gangliosidosis in Shiba dogs has been identified as the deletion of a cytosine residue at nucleotide position 1647 of the putative coding region for canine ␤-galactosidase, 10 which can be detected by a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method using purified genomic DNA as a template. 10, 11 Hereafter, extensive genotyping studies of specimens from the large, widely distributed population of Shiba dogs are needed to control this canine disease and decrease the From the Laboratory of Internal Medicine, Department of Veterinary Clinical Sciences, Graduate School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan. 1 Corresponding Author: Osamu Yamato, Laboratory of Internal Medicine, Department of Veterinary Clinical Sciences, Graduate School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan. incidence rate. For this purpose, it is important that the genotyping test, including collection and delivery of the specimens, should become more rapid and easy.
Recently, a novel PCR reagent cocktail, which can eliminate the DNA extraction process and amplify the genomic DNA directly from human or murine whole blood, has been developed. 4, 5 This reagent has been used in genetic testing for some human diseases, 7,9 but, except for humans and mice, it has not been determined whether the reagent can be used for specimens of other animals. The present study demonstrated that this PCR reagent cocktail can be used for the mutation screening of G M1 gangliosidosis in Shiba dogs and also indicated some useful applications using various forms of whole-blood specimens from dogs and other domestic animals.
Shiba dogs of a pedigree with G M1 gangliosidosis 12 and normal Beagles as control were used in the present study. Venous blood was drawn into tubes a containing heparin lithium or ethylenediaminetetraacetic acid dipotassium salt (EDTA). The final concentration of heparin was adjusted to 25 IU/ml blood, but a specimen at a concentration of 250 IU/ml blood was also used to examine the effect of an overdose of heparin. The EDTA was used at a concentration of 1.56 mg/ml
